Introduction {#sec1-1}
============

Porcelain-fused-to-metal crowns have been used as predictable materials since the 1960s, owing to their mechanical strength and low cost.\[[@ref1][@ref2]\] Studies have shown various advantages of the ceramics, such as color stability, radiopacity, coefficient of thermal expansion similar to that of dentin, large compressive strength and high abrasive resistance, and esthetics.\[[@ref3]\] The fracture of veneering porcelain may result from trauma, improper metal framework design, incompatibility between the thermal expansion coefficient of the porcelain and core, inadequate tooth preparation, inadequate occlusal adjustment, and intraceramic defects.\[[@ref4][@ref5]\] The majority (65%) of the failures have been observed in the anterior region, whereas 35% were in the posterior region. Sixty percent of the failures occurred at the labial, 27% at the buccal, 5% at the incisal, and 8% at the occlusal regions. These fractures were mainly in the maxilla (75%), predominantly at the labial surface.\[[@ref1]\]

The immediate replacement of failed complex prostheses is often impossible though, as it requires additional time, effort, and expense. In this situation, repair is a suitable method to rehabilitate the contour and color of fractured restorations. Such repair demands durable bonding, even though it is not a permanent treatment.\[[@ref6]\] Several resin-based materials have been used to repair porcelain restorations. It is suggested that the bond strength between these two types of materials (ceramic and resin-based material) is highly dependent on surface preparation.\[[@ref3]\] Many studies on the efficacy of ceramic surface treatment using burs, etching with hydrofluoric acid (HF), phosphoric acid, accidulated phosphate fluoride, ammonium bifluoride, lasers (CO2, Er-YAG, ND-YAG, Er, and Cr-YSGG) and air abrasion have been published that reportedly increase the bond strength of resin material to porcelain.\[[@ref7][@ref8][@ref9][@ref10]\] The use of HF followed by silane application is the standard clinical process for increasing the bond strength when repairing the porcelain surface with composite resin; this is because of the microporosites that HF produces on the porcelain surface with selective dissolution of the glass matrix. This has been observed via scanning electron microscopy (SEM).\[[@ref8][@ref11][@ref12]\]

Air abrasion is a common method of surface treatment for increasing micromechanical retention because it produces a clean and active porcelain surface. On the other hand, it does not cause acute acid burns on the patient\'s oral tissues. In this method, the aluminum oxide particles remove the weakened phases of ceramic and create irregularities on the surface.\[[@ref13]\] These irregularities increase the surface area and improve the mechanical retention and bond.\[[@ref14]\] Surface topography analysis of treated ceramic with SEM provides qualitative information in this matter because this technique enables direct observation of the surface details with a high resolution.\[[@ref15]\]

Several researchers reported that mechanical roughening by both a diamond bur and sandblaster was effective for porcelain repair.\[[@ref16][@ref17]\] The best results were achieved with a bur by Leibrock *et al*.\[[@ref4]\] and with air abrasion by Tulunoglu and Beydemir.\[[@ref18]\] In many studies, however, the comparison of bonding qualities with different roughening methods was performed using different resin composite repair systems. For this reason, a comparison based on the use of the same repair system is needed to confirm the differences in roughening procedures.

The shear bond strength (SBS) test arrangement has been the most common laboratory technique for evaluating adhesives for resin-bonded ceramic restorations and ceramic repair systems. It has been shown that SBS measurements are very sensitive to the method of application of the adhesive and design of the testing arrangement.\[[@ref19][@ref20][@ref21]\]

The aim of this study was to evaluate the SBS of nanohybrid (Nh.com) and nanoceramic (Nc.com) composite resins to feldspathic porcelain subjected to different surface treatments. Nh.com and Nc.com composite resins were used due to their contents and compared with each other. The null hypothesis of the present study is that Nh.com and Nc.com composite resins may show different SBS to feldspathic porcelain. Nc.com may show higher SBS than Nh.com to feldspathic porcelain because of its ceramic particle content.

Methods {#sec1-2}
=======

The materials used in the present study are listed in [Table 1](#T1){ref-type="table"}. For this study, 120 samples made of feldspathic porcelain (7 mm in diameter and 3 mm in thickness) were prepared according to the manufacturer\'s instructions in two different products. Glaze process was not applied to the samples. Porcelain samples were embedded in a self-cure acrylic resin which was 12 mm in diameter and 6 mm in length. The surface of each specimen was polished with 300, 600, 800, 1000, and 1200 grit SiC papers to provide standardization on specimens' surfaces. They were then ultrasonically cleaned in distilled water for 5 min. Samples were randomly divided into three groups as to surface treatments and the following surface treatments were applied to porcelain samples:

###### 

Materials used in the present study

![](CCD-8-558-g001)

Group H: HF (9.5%) + silaneGroup A: Air abrasion (50 micron with Al~2~O~3~ particles) + silaneGroup C: Air abrasion (50 micron with Al~2~O~3~ particles) = control group

Nh.com and Nc.com resins were placed on the ceramic specimens which were 4 mm in diameter and 2 mm thick with the help of layering methods and they were light polymerized.

After the surface treatments (air abrasion and acid etching), the surfaces of two marks of feldspathic porcelains were analyzed topographically under SEM at a magnification of ×1000 and ×2000 \[Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}\].

![Scanning electron microscopy observation of the Ivoclar porcelain after surface treatments at ×1000 and bar marker indicating 10 μm. (a) Surface with etching hydrofluoric acid (9.5%). (b) Surface with air abraded with aluminum oxide](CCD-8-558-g002){#F1}

![Scanning electron microscopy observation of the Vita porcelain after surface treatments at ×1000 and bar marker indicating 10 μm. (a) Surface with etching hydrofluoric acid (9.5%). (b) Surface with air abraded with aluminum oxide](CCD-8-558-g003){#F2}

After all samples were prepared, half of them were immersed in 37°C ± 2°C distilled water (D), and another half were subjected to thermocycling (T) for 5000 cycles between 5°C and 55°C. To evaluate the BS of the samples, they were respectively placed in a universal test machine (Instron, 2710-003 Model, Instron, USA) and shear force was applied until break and then separation occurred. The data were analyzed with statistical software SPSS version 17.0 (SPSS, Chicago, USA). Multiway ANOVA was performed.

After shear testing, all specimens were analyzed using an optical microscope at ×50 magnification for failure analysis. Failure types were categorized as adhesive between ceramic and Nh.com resin, ceramic and Nc.com resin; cohesive failure of the ceramic only, Nh.com resin only, Nc.com resin only; and cohesive failure of Nh.com and Nc.com resins accompanied with adhesive failure at the interface.

Results {#sec1-3}
=======

The means and standard deviations of fracture values are shown in [Table 2](#T2){ref-type="table"}. H-Nh.com-D group showed the highest SBS values, while C-Nh.com-T group showed the lowest SBS values in Ivoclar porcelain. In all the groups, applying Nh.com composite resin and stored in distilled water resulted in high fracture values. A-Nh.com-D group showed high fracture values while C-Nc.com-T group showed low fracture values in Vita porcelain.

###### 

Means and standard deviation of each group
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The difference between groups was evaluated by multiway analysis of variance \[[Table 3](#T3){ref-type="table"}\]. The results of ANOVA showed statistically significant differences among surface treatments, composite resins and storage conditions (*P* \< 0.05), but there was no statistically significant differences between porcelain marks (*P* \< 0.05). When we evaluated the results of interactions, only two-factor interactions of porcelain × surface treatment and three-factor interactions of porcelain × surface treatment × D-T were statistically significant. There was no statistically significant differences between surface treatments according to Duncan test..

###### 

Results of ANOVA
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SBS of two different porcelains after the surface treatments are depicted in [Figure 3](#F3){ref-type="fig"}. In the Ivoclar porcelain, the H group showed the highest SBS values than that of the A group, and in the Vita porcelain, H group and A group showed almost the same SBS values. The control groups of both porcelains showed the lowest SBS.

![Mean bonding strength of two different porcelain surfaces according to surface treatment](CCD-8-558-g006){#F3}

SBS of Nh.com and Nc.com resins to two different porcelains is summarized in [Table 4](#T4){ref-type="table"}. In two porcelains, Nh.com showed the highest SBS than that of Nc.com \[[Figure 4](#F4){ref-type="fig"}\].

###### 

Number of the failure types after the shear test
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![Mean bonding strength of nanohybrid composite resin and nanoceramic composite resin to two different porcelain surfaces](CCD-8-558-g008){#F4}

SBS of Nh.com and Nc.com composite resins connected with surface treatment is depicted in [Figure 5](#F5){ref-type="fig"}. In all groups, SBS of Nh.com composite resin is more than Nc.com composite resin. The highest values are seen with acid etching + silane application and the lowest levels are seen in the control group.

![Mean bonding strength of nanohybrid composite resin and nanoceramic composite resin according to the surface treatment](CCD-8-558-g009){#F5}

If the stored conditions are taken into consideration \[[Figure 6](#F6){ref-type="fig"}\], the group that has been stored in distilled water showed higher SBS than the group subjected to thermocycling. While in the group that is stored in distilled water, Vita-marked porcelain showed the higher fracture values, whereas in the group that is applied with thermocycle, Ivoclar-marked porcelain showed higher fracture values with little difference.

![Mean bonding strength of two different porcelain surfaces according to the stored condition](CCD-8-558-g010){#F6}

The failure types of all specimens are shown in [Table 4](#T4){ref-type="table"}. Adhesive failure was the most commonly seen failure type in specimens.

Discussion {#sec1-4}
==========

In the present study, we evaluated the SBS between different type composite resins and different mark feldspathic porcelain. The null hypothesis of the study was that Nh.com and Nc.com may show different SBS to feldspathic porcelain. The results of the study supported the null hypothesis. However, contrary to expectations, Nh.com composite resin showed higher SBS values than Nc.com composite resin. According to this result, we can say that ceramic particles in the composite resin have no positive effect on bonding of feldspathic porcelain.

It was found that HF etching was the most effective treatment to roughen Ivoclar porcelain surface to create a strong bond with Nh.com composite resin, and air abrasion had a little SBS difference from HF etching in Vita porcelain. Otherwise, it was found that Nh.com composite resin showed low SBS to the porcelain surface with different surface treatments applied than that of Nc.com composite resin.

Various techniques such as acid etching, air abrasion, silanization, and application of metal primer have been introduced for the repair of fractured metal ceramic restorations. Acid etching of feldspathic porcelain creates micromechanical undercuts that have a decisive effect for better adhesion.\[[@ref2][@ref22]\] Many studies have reported that a combination of micromechanical roughness and silane application to the porcelain creates durable bonding.\[[@ref23][@ref24]\] Silane is a dual functional monomer that consists of a silanol group that reacts with the ceramic surface, and it contains a methacrylate group that co-polymerizes with the resin matrix of the composite.\[[@ref2]\] Silane coupling agents are known to enhance the wettability of glass substrates by resin composites and are also known to increase the mechanical and chemical bonding of resin composite to ceramics.\[[@ref25]\] The alloy primer or composite-containing diphosphate monomer (10-Methacryloyloxydecyl dihydrogen phosphate), which has a phosphate ester group to bond directly to metal oxides, has been assessed as having superior bonding durability to base metal alloy.\[[@ref26]\]

Several authors consider etching of the ceramic surface as being critical for the SBS of a composite resin when it is used to repair fractured ceramic restorations. HFA etching is a preferred method for modifying ceramic surfaces to improve micromechanical retention between a bonding agent and a fractured ceramic restoration because it is more effective in roughening the surface than other chemical methods.\[[@ref24][@ref27]\] The shear SBS of a composite resin to a fractured ceramic restoration is affected by the type of composite resin.\[[@ref28][@ref29][@ref30]\] The shear SBS of hybrid composite resins is generally higher than that provided by microfilled composite resins.\[[@ref30]\]

Wolf *et al*.\[[@ref31]\] show that air abrasion with 50 μm aluminum oxide is a better method for preparing the surface than bur-performed retentions. Nevertheless, singly, air abrasion is not sufficient to improve the bond of composite--porcelain interface.\[[@ref32]\] Silanization improved repair resistance when HF was previously utilized.\[[@ref33]\] However, there is no consensus on the best porcelain treatment method to be applied in different clinical situations.\[[@ref34]\] Etching procedures have been used to facilitate bonding between porcelain and resin, creating a porous surface on the porcelain that leads to a retentive bond.\[[@ref32]\]

While HF selectively dissolves the glass matrix creating micromechanical retention, silanization serves for the chemical adhesion between the organic and inorganic substances with which durable adhesion could be obtained.\[[@ref2]\] HF is not necessary to obtain resistant adhesion between composite and porcelain if the silane agent, which reacts with OH groups on the porcelain surface, is used.\[[@ref25]\] Silane is a functional monomer consisting of a silanol group that reacts with the ceramic surface and contains a methacrylate group that co-polymerizes with the resin matrix of the composite. Silane coupling agents are known to enhance the wettability of glass substrates by resin composites, contribute to covalent bond formation between the ceramic surface and the composite, and at the same time, increase physical, mechanical, and chemical bonding of resin composite to ceramic. Their decreased hydrolytic stability at the bonded interface has been previously reported.\[[@ref35][@ref36][@ref37]\]

Silane agents appear to be the essential components for a porcelain repair procedure, by modifying its surface structure, rendering it more reactive with the composite, enabling chemical adhesion in both inorganic/porcelain and organic/composite surfaces. Theoretically, the silane bond should provide a stable repair of the fractured porcelain.\[[@ref25]\] Lacy *et al*.\[[@ref38]\] observed that, when silane was not applied, the composite BS to porcelain was relatively weak, regardless of the type of surface treatment, with the failure occurring at the interface. The values were higher with silane application after etching. Thus, the findings suggest that bonding to porcelain is mostly chemical and not mechanical.\[[@ref37]\]

Adequate bond between ceramics and composite resins is achieved with a silane coupling agent and an adhesive. Silanes work as mediators, promoting adhesion between inorganic and organic matrices through dual reactivity.\[[@ref39]\]

Kupiec\[[@ref40]\] evaluated three different ceramic surface treatments: (a) aluminum oxide (Al~2~O~3~) and air abrasion (50 μm), (b) 8% HF, and (c) air abrasion and HF. The last combination recorded the most consistently effective BS. Aluminum oxide abrasion provides a clean and reactive bonding surface in porcelains.\[[@ref41]\]

Regarding the topographic patterns produced by the treatments on the ceramic surface, the specimens etched with HF acid presented a rougher surface in the Ivoclar-marked porcelain than the Vita-marked porcelain. The specimens air abraded with Al~2~O~3~ particle presented higher retention areas in the Ivoclar-marked porcelain than that of the Vita-marked porcelain \[Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}\]. Ivoclar-marked porcelain showed the higher bonding resistance than the Vita-marked porcelain. The SEM pictures also supported this result.

Researchers found that bond failures occurred predominantly in porcelain (cohesive).\[[@ref17]\] In contrast to this finding, in the present study, bond failures occurred predominantly between porcelain and composite resins.

Shear strength test has been the most commonly employed test modality to study the performance of porcelain repair systems. However, it is believed that this test geometry causes high tensile surface stresses within the porcelain, close to the area of load application, initiating fracture at the porcelain surface.\[[@ref42]\]

Conclusions {#sec1-5}
===========

Within the limitations, these conclusions were drawn;

Different mark of feldspathic porcelain showed different SBS valuesDifferent surface treatments showed different effects on SBS of composite resins to feldspathic porcelainNc.com composite resin showed lower SBS values than that of Nh.com composite resinCeramic particles in the composite resin have no positive effect on the bonding of feldspathic porcelain.

One limitation of the present study is that the surface treatment is not enough. New surface treatment will be applied except for conventional surface treatment. Moreover, different substructural materials will be used except porcelain.
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